Abstract. Fuzzy neural network methods have been successfully used to diagnose many diseases. This paper uses logic-based fuzzy neural networks to diagnose breast cancer. Logic-based fuzzy neural networks can select reduced size of input subspace by selecting useful inputs. For the optimization of the input subspace and the structure of the logic-based fuzzy neural networks, genetic algorithms and gradient decent method are used. Wisconsin breast cancer diagnosis problem is considered to show the effectiveness of the proposed method.
Introduction
Recently, artificial intelligence-based automatic diagnosis of disease becomes more important area owing to a dramatic development of artificial intelligence algorithms. Many researches related to artificial intelligence-based, especially fuzzy neural network-based automatic diagnosis of disease have been successfully performed [1] - [3] . This paper uses logic-based fuzzy neural networks [4] to diagnose breast cancer. Logic-based fuzzy neural networks can select reduced size of input subspace by selecting useful inputs. For the optimization of the input subspace and the structure of the logicbased fuzzy neural networks, genetic algorithms [5] and gradient decent method are used. Wisconsin breast cancer diagnosis problem is considered to show the effectiveness of the proposed method.
Logic-based Fuzzy Neural Networks [4]
This paper is a new application version of the logic-based fuzzy neural networks, proposed by the author in [4] , to diagnose breast cancer. Therefore, the same version of logic-based fuzzy neural networks and its optimization method in [4] are used in this paper. For this reason, all of this section directly refer to [4] . For more details about the logic-based fuzzy neural networks, please refer to [4] .
AND neuron is a nonlinear logic processing element with n-inputs x [0,1] n producing an output y governed by the expression y = AND(x; w) ) s (
where w denotes an n-dimensional vector of adjustable connections (weights). "s" denoting some s-norm and "t" standing for a t-norm. Individual inputs (coordinates of x) are combined or-wise with the corresponding weights and these results produced at the level of the individual aggregation are aggregated and-wise with the aid of the tnorm.
By reverting the order of the t-and s-norms in the aggregation of the inputs, we end up with a category of OR neurons,
The logic processor (LP), described in Fig. 1 , is a basic two-level construct formed by a collection of two AND neurons whose results of computing are then processed by a single OR neuron located in the output layer. LPs are basic functional modules of the network that are combined into a cascaded structure. The essence of this architecture is to stack the LPs one on another. This results in a certain sequence of input variables. To assure that the resulting network is homogeneous, we use LPs with only two inputs, as shown in Fig. 2. . . . 
Experimental Results
In this section we consider Wisconsin breast cancer diagnosis problem (available on the Machine Learning Repository site at the University of California at Irvine). This database has 699 instances that have 16 missing attribute values. Therefore, we use 683 instances in this experiment. Also, this database has 9 attributes and 2 classes (benign, malignant) as shown in Table 1 . For the logic-based fuzzy neural networks, we use 3-uniformly distributed Gaussian membership function (overlap : 0.5), and the number of input is set as 7. 70% of the data is used as a training and rest 30% is used for testing. Genetic algorithms select inputs and optimize binary connection weights. After that Gradient decent method further refines these optimized binary connection weights in [0, 1]. The parameters used in this experiment are described in Table 2 . We have experimented 20 independent times with different training and testing data to get the reasonable results. Table 3 describes the average classification rate over 20 times for each optimization. As can be seen in Table 3 , logic-based fuzzy neural networks can be applied to diagnosis of breast cancer. 
Conclusions
This paper applied logic-based fuzzy neural networks to diagnosis of breast cancer. Logic-based fuzzy neural networks can select reduced size of input subspace by selecting useful inputs. For the optimization of the input subspace and the structure of the logic-based fuzzy neural networks, genetic algorithms and gradient decent method were used. Wisconsin breast cancer diagnosis problem was considered to show the effectiveness of the proposed method. As can be seen in the experimental results, logicbased fuzzy neural networks can be successfully applied to diagnosis of breast cancer.
